The association between snoring and myocardial infarction was studied in 1453 people of both sexes aged 20-70 years. The study was carried out in a population of 92 364 residents and the subjects were recruited using the Electoral Census. A questionnaire was sent to all participants, asking about snoring and cardiovascular risk factors. Hospital records were checked for the next 4 years to establish how many of them developed myocardial infarction. At the beginning of the follow-up study 39 patients were diagnosed with ischaemic heart disease. Of the other 1414 participants, 571 (40.4%) were snorers and 843 (59.60/) o non-snorers. Twenty-one developed myocardial infarction in the snorer group and four in the non-snorer group. The snorer group presents an adjusted relative risk of myocardial infarction of 3.08 (95% CI 1.01-9.46) with respect to non-snorers. We conclude that snoring seems to be a potential risk factor for myocardial infarction.
Introduction
Snoring and sleep apnoea are common conditions, which appear to be associated with a number of forms of morbidity. Several epidemiological studies have examined the relationship between snoring and cardiovascular disease with diverse results (l-5). The differences in methodology employed, such as the inclusion of confounding factors, type of population examined and methods of measurements and analysis, have brought the causal relationship into question (6) (7) (8) (9) .
The aim of this study was to evaluate the association between snoring and myocardial infarction (MI) during a oi-year follow-up study in a representative sample of the population, aged 20-70 years.
Material and Methods
The study was carried out in Santiago de Compostela, which has a population of 92 364. Subjects were recruited using the Electoral Census for the district of Santiago. Subjects aged from 20 to 70 years were stratified by age into lo-year groups (20-29,30-39, etc.) . The data were compiled in 1993. A random sample of an equal number of subjects in each group received a mailed invitation to participate. Of the 3593 invitations sent, 587 (16.3%) letters were returned 
STUDY PROCEDURES
A study outline consisting of three stages was used. In the first stage, questionnaires were sent by post with 26 questions covering predisposing factors, anthropometric details, consumption of alcohol and tobacco, pulmonary illnesses, presence of snoring and daytime sleepiness, other sleeping related characteristics and whether prescribed or non-prescribed medications were being taken. Previously, 50 subjects picked at random had been given a medical examination with the aim of evaluating the problems which the survey could pose. Questionnnaires were sent up to three times in cases where answers were not returned. Visits to the houses of 100 non-respondents were made in order to evaluate the reason why they did not reply; in these cases significant differences between the main variables of the study were not found. Differences between respondents and non-respondents were not found with regard to age and sex.
The second stage consisted of hospital consultation of a random sample of 200 subjects, for which the presence of their partner or spouse was required. We included a complete medical history, general physical examination and sleep-structured questionnaire with 112 questions, carried out by an interviewer, of which 82% were closed and dichotomous.
Those who reported snoring often or almost always (3 or more days per week) were considered to be snorers; the rest were considered as non-snorers.
Current smokers were defined as those answering 'yes' to the question 'Do you smoke?': and current drinkers were defined as those answering 'yes' to the question 'Do you drink alcoholic beverages?'. The questionnaire also asked whether hypertension, diabetes, angina pectoris or myocardial infarction had been diagnosed by a doctor and/or current medication had been prescribed. A kappa agreement index of >0.75 from the test carried out in the postal survey and from the personal interview test at the hospital was obtained for all above-mentioned variables. Body mass index (BMI) was calculated as weight in kg m-'. The Pearson correlation between self-reported body weight and body height with clinical measurement was 0.95.
FOUR-YEAR FOLLOW-UP
In the third stage, hospitalized myocardial infarction deaths or hospitalizations (MI events) were identified from hospital discharge lists; trained abstracters obtained hospital charts and recorded presenting signs and symptoms, including chest pain, cardiac enzymes and related diagnostic and therapeutic information.
The study was approved by the Ethical Commission of the General Hospital of Galicia.
DATA ANALYSIS
The cumulative incidence of MI events was calculated by taking the number of subjects having one or more cardiovascular events as the numerator, and the total initial population as the denominator.
Data are expressed as mean (SD) . Simple univariate statistics, Student's t-tests for continuous variables, and chi-squared tests for binary variables, were used to compare snorers with non-snorers and MI with non-MI groups. The effect of potential confounding variables was assessed by a multiple logistic regression model, using an enter procedure.
All variables were retained in the model. Estimated relative risks and 95% confidence intervals were calculated from the coefficients (lo), using the statistical software program BMDPLR (11). During the 4-year follow-up period, 25 subjects (1.77%) in the respondents (Table 3 ) and 22 (1.52%) in the nonrespondents suffered a first MI event. We found that age, sex, BMI, diabetes, hypertension and snoring were the most important risk factors associated with MI (Table 4) . Within this period, 21 out of 571 (3.68%) snorers developed MI vs. four out of 841 (0.48%) non-snorers; the unadjusted relative risk was 8.01 (95% CI 2. 73-23.46) which is significant. Inclusion of all the potential risk factors in a logistic regression model indicated which factors were most likely to be genuinely associated with a first episode of MI. Age, BMI, diabetes, smoking and snoring were significant after multivariate adjustment. Sex and hypertension were almost significant (PcO.1) after multivariate adjustment. Risk of developing MI increased linearly with age and BMI, and was higher in diabetics than in non-diabetics; smokers than in non-smokers; hypertensives than in normotensives; Discussion men than in women; and in snorers than in non-snorers. Adjustments for age, sex, alcohol consumption, smoking, BMI, diabetes and hypertension decreased the association between snoring and the incidence of disease; the adjusted relative risk between snorers and non-snorers was 3.08 (95% CI 1.01-9.46; P=O.O49), which is still significant (Table 5 ).
Results
Previous studies of the association of snoring with IHD have been cross-sectional (1, 7, (12) (13) (14) . To our knowledge, there have been previous prospective studies in which this relationship has been evaluated (2,4,5). In the first two, only middle-aged and elderly men were studied and in the third, the selection criteria varied according to the presence of snoring and other cardiovascular risk factors. This is the first prospective study of the association between snoring and MI in a representative sample of men and women from a population, with an age range for both sexes of between 20 and 70 years.
In the first follow-up study by Koskenvuo et al. (2); a higher risk was found in snorers than in non-snorers. The association of snoring with IHD was independent of BMI, hypertension, smoking and alcohol consumption. In the prospective study by Jennum et al. (4) , after multivariate adjustment, snoring was not associated with risk of IHD in middle-aged and elderly men. However, he admitted that in the 54-63 years age group there was a slight, but insignificant; trend of increasing risk for IHD. There are some differences with respect to our sample. First, Jennum studied only male patients aged between 54 and 74 years, while we studied both genders aged between 20 and 70 years. Second, Jennum excluded from his study patients with other vascular problems, such as stroke and intermittent claudication: whereas we chose to include them. In our study we found an association of snoring with MI. This association was present after adjustments for age, sex, alcohol consumption, smoking, BMI, diabetes and hypertension. The adjusted relative risk between snorers and non-snorers was 3.08. These results between those found by Koskenvuo et al. (2) in a prospective study (relative risk= 1.91) and those of D'Alessandro et al. (3) in a case-control study (odds ratio=4.4).
A notable limitation of our study is that the data were obtained by self-report. A substantial bias in recording of snoring and other risk factors is possible. The predictive value of these risk factors, however, was significant and the magnitude was similar to that expected. The prevalence of snoring (61.5% in men and 32.3% in women) was similar to that previously found by Marin et al. in Zaragoza (northeast Spain) (15) . The prevalences of smoking and drinking habits, diabetes, hypertension and ischaemic heart disease are similar to those described by other authors in our community (16). As described above: the concordance between questionnaires and clinical visits was good in the categorical variables (kappa>0.75), and the correlation between self-report and in-person weight measurement was high (r=0.95). In our community all contacts with the hospital services are recorded in a database, and in general all participants can be traced, unless they emigrate. Minor IHD episodes, with minimal or insignificant symptoms, and MI episodes with sudden death may not be entered into the hospital records. Assuming a systematic underestimation of MI across all categories of cardiovascular risk factors, estimates of relative risk would be unaffected. However, if IHD is differentially misclassified across all risk factors, there is potential for bias.
Controversy over the association between snoring and cardiovascular disease is widespread. Snoring is a sign of obstructive sleep apnoea (OSA) and several studies have implicated OSA as a risk factor for IHD (17) (18) (19) (20) . Hoffstein (9) , like other authors (21), believes that the increased incidence of cardiovascular disease in snorers is best explained by OSA. Nevertheless, it is possible that snoring itself could directly provoke these complications (14). Snoring may be accompanied by a powerful inspiratory effort against the semi-closed pharynx, with large swings in pleural pressure, thereby transiently affecting both pre-load and after-load to the heart (22). It appears only a small and reasonable logical jump to postulate that these changes will eventually lead to a predisposition to vascular disease. In addition, overt OSA has been advocated a probable consequence of long-standing habitual snoring; in fact the so-called rhonchopathy has been considered a mild form of the full syndrome (23, 24) . For this reason, although higher risk levels of developing IHD are found in OSA patients, we cannot discount the absence of risk in snorers.
In conclusion, the results of our study suggest that snoring may be a risk factor for myocardial infarction. This risk seems to be independent of age, sex, diabetes, body mass index, alcohol consumption, smoking and hypertension,
